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| NTRODUCTI ON

Breckenridge et al. (1975), Hsu (1985) and Pao (1978) adapted
approaches from sei snol ogy to cal cul ate the response at the
surface of an infinite half-space and an infinite plate. These
approaches have found use in calibrating acoustic em ssion (AE)
transducers. However, it is difficult to extend this theoretica
approach to AE testing of practical structures. Waver and Pao
(1982) considered a nornmal node solution to the Lanb equati ons.
Hut chi nson (1983) pointed out the potential relevance of Mndlin's
plate theory (1951) to AE. Pao (1982) reviewed Medick’s (1961)
classical plate theory for a point source, but rejected it as
useful for AE and no one seens to have investigated its rel evance
to AE any further.

Herein, a normal node solution to the classical plate bending
equation was investigated for its applicability to AE. The sane
source-tinme function chosen by Waver and Pao i s consi dered.
However, arbitrary source and receiver positions are chosen
relative to the boundaries of the plate. This is another
advantage of the plate theory treatnent in addition to its
sinmplicity. The source does not have to be at the center of the
plate as in the axisymetric treatnment. The plate is allowed to
remain finite and reflections are predicted. The inportance of
this theory to AEis that it can handle finite plates, realistic
boundary conditions, and can be extended to conposite materials.
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THEORETI CAL

The normal node sol ution procedure has been widely applied to a
nunber of elasticity problens including strings, beans, nenbranes,
and plates. This solution technique is discussed in detail by
Gaff (1991). For a thin, honogeneous, isotropic plate, the
governi ng equation of nmotion fromclassical plate theory is

DO*W(x,y,t) + phd®wW(x,y,t)/dt2 = f(x,y,t) (1)

where the x and y axes lie in the plane of the plate and the z
axis is perpendicular to the plane of the plate. Tinme is

represented by t, 0= (62/ax2 + 62/6y2)2 and f(x,y,t) is the force
(Nn2) applied in the z direction. wWXx,y,t) is the transverse

di spl acenment, p the density, and h the plate thickness. Dis the
bendi ng stiffness given by

D = Eh% 12(1-V?) (2)
where E is Young's nodulus and v is Poisson's ratio.
A step forcing function at x=§ y=(, given by

f(x,y, 1) = P(x-&)d(y-{) Ht) (3)

where P is the anplitude of the step is used and the plate is
assuned to be sinply supported at its boundaries, x=0, x=l, y=0
and y=w. The resulting normal node solution is given by

Si NARXSi NYRySi NAREST NYL( 1- CoOStnnt )

- 4P
X,y,t) = 4
WX, y,t) ohl w 2 (4)
where a,=n| and ys=mvw for n,n¥l, 2,...,
- @n2 4 nt
wnm_nzLZerZ}a (5)

and a2 =D ph.

This result is to be conpared with Medick's (1961) result for an
infinite plate subject to a step function in tinme at the origin



wr,t) = P tH4ar2/t) (6)
4T[(phD)1/2

wher e
Hx) =12 - Si(x) + xG(x) - sin(x) (7)

with Si(x) and G (x) being the sine and cosine integrals,
respectively. Equations (4) and (6) were programed and eval uat ed
for several source to receiver distances for an al um num plate and
conpared with experinental data

EXPERI MENTAL

A pencil |ead break provided a source which approxi mates a
vertical step function, but the nagnitude of the force was not
nmeasured. The al um num pl ate had di mensions |1=0.381 m, w=0.508
m, and h=0.003175 m A 1.27 cm diameter 3.5 MHz ultrasonic
transducer (Pananetrics) was used as the receiver because of its
w deband behavior in the frequency range of interest (20-500 KHz).
Papadaki s (1980) pointed out that these transducers shoul d provide
flat frequency response fromnear zero frequency to just bel ow
t heir resonance frequency and thus nmake high fidelity AE sensors.
The | arge diameter of this sensor is not a concern in these
measur enment s because of the |ong wavel engths of the flexural node
signal s being neasured. This sensor has been shown to be
di spl acenment sensitive in previous research by Prosser (1991).

Al t hough the frequency response of this sensor is nuch flatter and
broader than conventional resonant AE sensors, its response does
drop off at |low frequencies. The frequency response of the
transducer was determ ned and applied to the theoretical

cal cul ati ons. Because the frequency of each normal node summed in
the theoretical calculation is known, it was easier to apply the
transducer filter response to the theoretical calculations than to
t he nmeasured dat a.

RESULTS AND DI SCUSSI ON

Figure 1 shows a conparison between our normal node sol ution and
Medi ck's integral transformsolution for the sanme source to
recei ver distance on the alumnumplate. This distance and the
length of time shown in the plot in this figure were chosen such
that there are no reflections fromthe plate boundaries incl uded
in the waveforns. Reflection signals are predicted in the norma



node sol ution but neglected by the Medick (1961) infinite plate
solution. Also, since this is a conparison of theory with theory,
t he transducer response filtering was not applied. It can be seen
that the agreenent is quite good for n=n=100. From equation (5),

t he highest frequency termin the normal node solution is 834 KHz
which is well above those seen in the experinental data. The
10,000 terns took less than five mnutes to conpute on a 68030
based m croconmputer for 512 points.

Figures 2 and 3 show the neasured waveforns and the theoretica
waveforns at distances of 0.1016 m and 0.1778 m fromthe source.
According to observations by Medick (1961), this theory shoul d
agree with experinent when the wavel ength is greater than 16 tines
the thickness of the plate. This corresponds to a tinme greater
t han

=2} . (8)

where ¢ is the characteristic velocity (E/p)Y2  This inplies that
t heory and experinment should begin to agree at the point indicated
by the arrowin the figures. It can be seen that there is good
agreenent beyond this initial critical time. Note that the
extensi onal node can be seen in each of the experinental

wavefornms. Due to the higher wavespeeds of the extensional node,
it begins to separate fromthe flexural node as the source to

recei ver distance increases. Figure 4 shows the response for

longer times. It can be seen that there are reflections present
in both theory and experinment which would not be predicted by
theory for an infinite plate. It is interesting to note, as

Medi ck (1961) does, that the quantitative predictions of the
classical theory retain their accuracy even for points only
several plate thicknesses renoved fromthe | oading area as
illustrated for the response of the plate at a distance of 0.1016
m from t he source

ACKNOWL EDGEMENT

W are grateful to NASA for supporting this work. E |
Madar as, Langl ey Research Center, was the program nonitor.

REFERENCES

Breckenridge, F. R, Tschiegg, C E., and G eenspan, M, 1975,
"Acoustic Em ssion: Sonme Applications of Lanb's Problem™ J.



Acoust. Soc. Am, Vol. 57(3), pp. 626-631.

Gaff, K F., 1991, Wive Mbtion in Elastic Solids, Dover
Publ i cati ons, New York

Hsu, N N, 1985, "Dynamc Geen's Functions of an Infinite
Plate - A Conmputer Program" NBSI R 85-3234.

Hut chi nson, R, 1983, "Axisymmetric El astic Waves Excited by a
Point Source in a Plate," J. Applied Mechanics, Vol. 50, pp. 699-
700.

Medick, M A, 1961, "On dassical Plate Theory and Wave
Propagation,”™ J. Applied Mechanics, Vol. 28, pp. 223-228.

Mndlin, R D, 1951, “Influence of Rotary Inertia and Shear on
Fl exural Motions of Isotropic, Elastic Plates,” J. Applied
Mechani cs, Vol . 18, pp. 31-38.

Pao, Y. H, 1978, "Theory of Acoustic Em ssion," E astic Wves
and Non-Destructive Testing of Mterials, AVD - Vol. 29, pp. 107-
128.

Pao, Y.H , 1982 "Transient AE Waves in Elastic Plates," 6'th
I nt ernational AE Synposium Japan, pp. 181-197.

Papadakis, E. P., 1980, “Broadband Fl aw Detection Transducers:
Application to Acoustic Em ssion Pul se Shape and Spectrum
Recor di ng Based on Pul se Echo Response Spectrum Corrected for Beam
Spreadi ng,” Acoustica, Vol. 46, pp. 293-298.

Prosser, W H ., 1991, “The Propagati on Characteristics of the
Pl ate Mbdes of Acoustic Em ssion Waves in Thin Al um num Pl ates and
Thin G aphite/ Epoxy Conposite Plates and Tubes,” NASA Techni cal
Menmor andum 104187.

Weaver, R L., and Pao, Y. H, 1982, "Axisymmetric El astic Waves
Excited by a Point Source in a Plate,"” J. Applied Mechanics, Vol
49, pp. 821-836.



Medi ck

Nor mal Mbdes (N=MF100) —---—
2.0 10°° ! | |

1.0 10°

Anplitude (m.
o

-1.0 10°°

-2.0 10°°

0 20 40 60 80 100
Tine (pusec.)

Figure 1. Plate response to a step function for a source to
recei ver distance of 0.127 m
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Figure 2. Lead break at 0.1016 mfromreceiver.



Experinental Data _
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Figure 3. Lead break at 0.1778 mfromreceiver.



Experinental Data _
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Figure 4. Theory and experinent conpared at |onger tinme shows
reflections.



